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Silage Investigations 
-LOSS OF NUTRIENTS IN THE SILO AND DURING 
THE FIELD CURING OF CORN 
A. c. RAGSDALE AND C. w. TURNER* 
Abstract.-The unavoidable loss of nutrients in silage formation was 
compared with the loss of nutrients in the field curing of corn. The average 
losses in fifty-four silos were compared with the losses from sixteen shocks 
of corn fodder. The loss of dry matter and of nitrogen-free extract was 
found to be twice as great in field cured corn as in silage. 
During the ensiling process certain chemical, physical, and 
bacterial changes occur, and to these the peculiar odor and flavor 
of the silage are due. These changes take place at the expense of 
the nutrients in the ensiled material. Accompanying silage forma-
tion, therefore, a loss of certain nutrients occurs. This fnvestiga-
tion was initiated to determine the extent and nature of these neces-
sary losses and to compare them with the loss of nutrients during 
the field curing of corn. 
When the silo was first introduced into this country a great 
deal was said about the loss of food materials in the silo. W oll1 
states that scientists were rather inclined to take a stand against 
the silo on account of the results of investigations made on this 
point. Chemical analyses had repeatedly shown that from one-
third to one-half of the total dry matter put into the silo disap-
peared during the siloing period because of the fermentation proc-
esses taking place in the silo. Later investigations where modern 
siloing methods were practiced have shown that these results were 
due to the imperfect silo methods followed, and that large losses 
are not inherent in this process of preserving green forage. Further-
more, it was not known in the early days that similar, or in fact, 
still greater losses tJ.ke place in the ordinary field curing and hand-
ling of dry corn fodder. 
Babcock and Russell2 pointed out that there were two kinds 
of losses during the ensiling process; (1) the unavoidable losses 
which are due to the formation of water, carbon dioxide, and or-
ganic acids, and (2) the avoidable losses which are due mainly to 
the decomposition of nutrients caused by imperfect construction 
*This investigation was originally outlined by C. H. Eckles and that portion of the data accumulated previous to 1919 was secured under his direction. The investigation was 
continued and the data prepared for publication by the authors. 
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of the silo and to surface spoilage. Recently Shaw and co-workers3 
have shown that there may be a. third loss, that of soluble nutrients 
from the bottom of the silo if the floor is not waterproof. 
Woll4 • 5 , in investigations covering four years, determined the 
extent of the loss of nutrients in fodder corn, on being field cured 
in large shocks and stored during the greater portion of the winter. 
By analyses of the fodder as it was shocked, and when fed out, it 
was found that a yellow dent corn had lost in the interval 23.8 per 
cent of the dry matter and 24.3 per cent of the protein originally 
contained in it. At the same time comparative lots of the same 
varieties were put into the silo and the quantities of dry matter and 
protein put into and taken out of the silo were determined. The 
loss of dry matter was found to be 15.6 per cent and the loss of 
protein 16.8 per cent. 
The Arkansas Station6 reports losses of 13.7 per cent to 27.8 
per cent in the total weight of silage. Armsby and Caldwell7 ' 8, at 
the Pennsylvania Station found a loss ranging from 22.9 per cent 
to 43.5 per cent in total nutrients. 
King9 at the Wisconsin Station was the first to separate the 
losses of surface spoilage from the unavoidable losses during 
silage formation. He put in 63.4 tons of corn and removed 57.2 tons 
of good silage which was a loss of 10.2 per cent. When the spoiled 
silage was included, there was a loss of only 7.4 per cent. The loss 
in dry matter was 8.1 per cent in the first case, but with the mouldy 
silage included this was reduced to 5.0 per cent. Other stations 
have reported similar losses.10• n, 12, 13 Somewhat greater losses 
were noted in silage made from immature corn. 
METHODS OF INVESTIGATION 
In the experiments here reported, use was made of small silos 
three feet in diameter and six feet in height with wooden covers to 
fit into the top as described by Eckles.14, 15 In order to determine 
the unavoidable losses during the process of silage formation, wire 
screens were placed about one foot from the top to separate the 
silage free from surface spoilage. Weights were taken of the 
amount of material put in both below and above the screen. About 
1,000 to 1,500 pounds of rock was laid on the cover of each silo to 
weight it down. Upon opening the silo, the silage down to the 
screen was removed and weighed out separately from the weight 
of the normal silage. The silage thus made appeared to be normal 
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in every way and is believed accurately to represent changes taking 
place in a large silo, 
At the same time comparable lots of corn were shocked and 
left in the field. These were surrounded by a bird-proof screened 
cage. Boards were laid in the ground twelve inches to prevent the 
entrance of mice and rats . Though it was not always possible to 
keep out all mice, the damage by mice was very slight as compared 
to what would ordinarily take place in corn shocked in the field . 
Chemical analysis was made of all corn at the time of siloing and 
shocking in the field, and at the time of removing from the silo 
and from the shock. 
RESULTS OF INVESTIGATIONS 
Table 1 presents the losses of dry matter and the various 
nutrients in 54 experimental silos containing corn and other silage 
crops. 
TABLE 1.-Loss OF NUTRIENTS IN THE SILO. 
Dry matter Protein Fat 
Kind of Silage (lbs.) (lbs.) (lbs.) 
---
Normal corn silage (20 silos) -- --- ____ (a) 3835 .08 250 . 50 64 . 96 
(b) 3681.33 260.69 78 . 76 
Gain or loss in per cent ______________ 
-4.01 H.06 +24 .96 
Silage from shock corn (13 silos) ______ (a) 2950 . 60 261.62 70.32 
(b) 2657 .12 228.96 74.64 
Gain or loss in per cent __ --- - ____ ____ 
-9.95 -12.48 +6 . 14 
Grass crops* (6 silos) _____ ______ _____ (a) 997 .62 48.44 15 .45 
(b) 817 . 39 29 . 84 12 . 32 
Gain or loss in per cent __ ---- - ---_ -- - -18 .06 -38.40 -20.26 
Peas and oats (4 silos) ___ -- - - ________ (a) 754.97 43.43 7.19 
(b) 702.87 38.19 10 . 74 
Gain or loss in per cent _- - ---- - --- ___ -6.90 -12 .07 +49. 37 
Legume crops (9silos). ______________ (a) 1775.84 128 .10 27.30 
(b) 1738 . 28 134 .65 36 .86 
Gain or loss in per cent. __ - ---- __ ---- -2 . 12 +5 . 11 +35 .02 
Grand total 54 silost---- ---- ---- - - -- (a) 10703 .64 759 . 23 191.55 
(b) 9891.06 717 .91 226.11 
Gain or loss in per cent __ ---- ________ 
-7.59 -5.44 +18 .04 
{a)=Thc amount of each constituent going into silo. 
(b)=The amount of each constituent removed from silo. 
Ash 
(lbs.) 
---
175.87 
196 .00 
Ul.44 
145 . 07 
162 .03 
+11.69 
41.66 
35.11 
-15 . 72 
30.49 
28 . 23 
-7 .41 
71.82 
77 . 55 
+7 . 98 
494. 71 
524.13 
+5 . 94 
Crude 
fiber 
(lbs.) 
---
622 .67 
664.13 
+6 .66 
568.19 
533. 72 
-6 .07 
137. 55 
117 . 50 
-14 .58 
82. 51 
73 . 86 
-10.48 
183. 58 
190 .64 
+3 . 85 
1696.24 
1663 .23 
-1.95 
*Includes 2 silos rye, 1 silo wheat, 2 silos sudan grass and 1 silo sucftowers. 
tlncludes 1 silo corn and soybeans and 1 silo corn and sunflowers not shown in table. 
N.F. E. 
(lbs.) 
--
2730.66 
2448.28 
-10 .01 
1905 . 20 
1656 .96 
-13 .03 
756.51 
621. 93 
-17 . 79 
591. 35 
551. 85 
-6.68 
1377 .50 
1298. 57 
-5 . 73 
7500. 93 
6728.99 
-10.29 
Note: The dry matter of samples as shown in Tables I and II was determined by this De-
partment. All other chemical analysis reported were made by the Department of Agricultural 
Chemistry. 
The Loss of Dry Matter.-It will be seen that there is an un-
avoidable loss of dry matter during the ensiling process averaging 
for all silos 7.59 per cent. For 20 silos containing normal corn silage 
,there was a loss of only 4.01 per cent. The 13 silos of shocked corn 
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show a loss of 9.95 per cent in dry matter. This greater loss cannot 
be explained as the shocked corn naturally contains less sugar 
which as will be shown later, is one of the chief sources of loss. 
However, it should be noted that in filling these silos equal parts 
of water and corn were added. As the corn did not take up the 
water readily, the lower part of the silage contained more water 
than the upper. Shaw and co-workers3 have shown that w here 
there is an excess of water much of the soluble nutrients will settle 
to the bottom of the silo and this makes representative sampling 
difficult. 
The grass crops used for silage show a rather large loss of 
dry matter amounting to over 18 per cent. This large loss may be 
due to the fact that the grass crops are very high in nitrogen-free-
extract at the time of ensiling. The largest losses of all nutrients 
occurred in the rye and sudan grass silos and as the silage of the 
former had a very strong d isagreeable odor w hen opened it indi-
cates that putrefaction had occurred. The dry matter in four silos 
containing peas and oats show s a loss of 6.90 per cent. 
The losses occurring in the leguminous crops were surprisingly 
low. The a verage of nine silos composed of a lfalfa, cowpeas and 
soybeans showed a. loss of dry matter of only 2.12 per cent. 
The Loss of Protein.-Certain changes in the protein of silage 
crops take place during the ensiling process. The cause of t hese 
changes has been ascribed to p lant enzymes and bacterial a ction. 
After studying the fermentation of corn silage, Lamb1 6 of t he 
Iowa Station concluded that the hydrolysis of protein as indicat ed 
by the amino-nitrogen is primarily due to cell respiration, although 
later in the fermentation micro-organisms show some activ ity. 
Hunter1 7 of the Pennsylvania Station made studies of various 
kinds of silage. He concludes that plant enzy mes are chiefly re-
sponsible for the hydrolysis of protein w ith the formation of amino-
nitrogen '':bile the formation of ammonia is due to both enzymes 
and micro-organisms. 
Unless putrefaction takes place there should be but very slight 
loss of nitrogen except that due to the downwash of soluble protein 
to the lower parts of the silo. As is shown in Table 1 there appears 
to be no uniformity in the loss of protein. Considering all the silos 
there is a loss of 5.44 per cent of protein, however, in certain silos 
there are slight gains. The 20 silos of normal corn showed a gain 
in total protein of 4.06 per cent while t he 13 silos of shock 
corn filled in winter using equal parts of wa ter showed a loss of 
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12.48 per cent. As has been pointed out, this loss may be due to 
the difficulty of taking fair samples when there is a downwash of 
nutrients and excessively wet silage at the bottom. 
The mixtures of peas and oats showed a. loss of protein amount-
ing to over 12 per cent. The silage from the grass crops also showed 
excessive protein losses while the leguminous crops showed slight 
apparent gain. 
The Gain or Loss of Fat.-It is difficult to determine whether 
or not losses of fat occur during silage formation as the ether 
extract method cannot be successfully used in fat determinations. 
During silage formation organic acids such as acetic and lactic and 
other ether soluble substances are formed which appear with the 
ether extract thus increasing the apparent fat content. In fact, 
Haigh18 of the Missouri Station has shown that there is considerable 
variation in the ether extract due to changes in the samples on 
standing for any length of time. 
The gain of over 18 per cent in the ether extract of all silos 
probably indicates such changes. It seems reasonable to conclude 
that there is little if any actual loss of fat. 
The Ash Content of Silage.-As it is reasonable to expect that 
there would be little if any change in the inorganic matter (ash) 
it is interesting to note that there is an apparent gain of 5.94 per 
cent in the ash of all the silos. 
The losses and gains of these silos can only be accounted for 
by the downwash of soluble matter resulting in difficult sampling. 
The Loss of Crude Fiber.-The crude fiber of all the silos 
showed a slight loss of 1.95 per cent. This is in agreement with the 
work of Russel119 of the Rothamstead Experiment Station who 
found during silage formation the fiber was practically unaltered 
in amount. He confirmed his observations by microscopical exam-
ination of sections of corn and of the silage. 
The Nitrogen-Free-Extract.-The nitrogen-free-extract con-
sisting principally of starch and sugar in every case showed a loss. 
The average loss of all the silos was 10.29 per cent. 
It has generally been assumed that during the ensiling process 
part of the starch was converted into sugar and thus made available 
for bacterial action. However, in a recent investigation by Dox 
and Y oder20 of the Iowa Station it was shown that the starch 
content remains constant throughout the ferm~ntation process. 
From this it appears that the soluble sugar is the chief constit-
uent of the nitrogen-free-extract lost. In fact it was shown by 
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N eidig21 of the same station that the production of acid takes place 
at the expense of the sugar. 
The Loss of Nutrients During Field Curing.-In order to com-
pare the loss of nutrients in the silo with the loss of nutrients dur-
ing field curing shocks of corn were placed in cages as has been 
described. This corn was weighed and analyzed on being shocked 
and when brought in during the latter part of the months of Decem-
ber and March. Table 2 presents the loss of nutrients in 16 shocks 
of field cured corn. In comparing Tables 1 and 2 it will be seen 
that the loss of dry matter in field cured corn is twice that of the 
average of all silos and almost four times that of the normal corn. 
The nitrogen-free-extract loss is also twice as great. 
TABLE 2.-Loss IN NUTRIENTS IN F:mr.,n CoRN. 
Dry matter Protein Fat 
(lbs.) (lbs.) (lbs.) 
---
Field cured corn (16 shocks) .. • .•..•. (a) 4566 . 82 367.31 
(b) 3876.02 364. 24 
Gain or loss in per cent ___ ___ _ _____ 
- 15 . 12 - . 84 
(a)= The amount of each constituent going into silo. 
(b) =The amount of each constituent removed from silo. 
SUMMARY 
89.98 
96.60 
+7. 36 
Ash 
(lbs.) 
---
250.08 
226.82 
-9.30 
Crude 
fiber N.F. E. 
(lbs.) (lbs.) 
------
810.04 3029.21 
841.05 2347.28 
+3 . 82 -22.51 
By separating the surface spoilage from the remainder of the 
silage, it is possible to determine the unavoidable loss of nutrients 
during the formation of silage. 
Data on 54 silos are reported showing an average loss of nu-
trients as follows: dry matter 7..59 per cent; protein 5.44 per cent; 
fat a gain of 18.04 per cent; ash a gain of 5.94 per cent; crude fiber 
a loss of 1.95 per cent, and nitrogen-free-extract a loss of 10.29 per 
cent. 
The loss of nutrients during the field curing of corn is shown 
from data on 16 shocks during four seasons. The average loss of 
dry matter was 15.12 per cent, of protein a loss of 0.84 per cent, of 
fat a gain of 7.36 per cent, of ash a loss of 9.30 per cent, of crude 
fiber a gain of 3.82 per cent, and of nitrogen-free-extract a loss of 
22.51 per cent. 
The loss of dry matter and of nitrogen-free-extract in the field 
curing of corn is shown to be approximately twice as great as that 
of the unavoidable losses of nutrients in the silo. 
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